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Che role of the cvanobacterium Microcoleus vaginatus in cold-desert soil crusts is investigated using 


scamming electron mucroscopy. Crusts from sandstone-. limestone-, and gvpsum- -derived soils are examined. When dr, 
poly sacchande sheath materi from this cvanobacterium can be seen winding through and across all three types of soil 
surfaces attaching to and binding soil partic Jes together. When wet, sheaths and living filaments can be seen absorbing 


water swelling inl covering soil surfaces even more extensive ly. 


Addition of negatively charge d material, found both as 


sheath material and attached clay particles. may allect cation exch mge Capacity of these soils as well ats a resultoleehese 
bservations, we propose: that lie: presence of this cyanobacterium may significantly enhance soil stability, moisture 


retention and fertility of cold-desert soils. 


Aey tcords Microcolens vaginatus, cyanobacteria. cryptobiotic crusts, cryptogamic crusts, soil, soil microstructure. 


[thas long been reported that evanobacterial 
soil crusts © ar ance soil stability | \nderson, Har- 
per and Hohngren 1982. Anderson, Iarper, 
and Rusliforth 1982, Fletcher and Martin 1945, 


Harper and Marble 1955, Kleiner and Harper 


1972. 1977, Loope and Gilford 1972), Anantani 
and Marathe (197-4), Anderson and Rushforth 

1976), Campbell (1979), and Shields and Dir- 
rel], 1964) all suggest that a network of evano- 
bacterial filaments binds soil particles together, 
immobilizing them and thus enhancing soil sta- 
bility against both wind and water erosion. It has 
also been shown that these crsts enhance mois- 
ture and nutricnt retention in sandy soils (Broek 
1975. Brotherson and Rushforth 1983. Camip- 
bel 1979. Harperand Belnap unpublished data, 
Shields and Durrell 1964), 

On the Colorado Platean, a biogeogr: iphical 
province that inclides southwestern and east 
am Utaly northerm Arizona. western Colorado 
md northwestern New Mexico. evanobacterial- 
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riaeus ie Se indy soils: 


lichen soil crusts often provide up to 70% of the 
living cover (Belnap 1990a). In these areas the 
cvanobacterium Microcoleus vaginatus (Vauch.) 
Gom. is the major constitnent (Anderson and 
Rushforth 1976, Campbell et al. 1989), often 
representing up to 95% of the biomass of the soil 
in interspaces between vascular plants (Belnap 
personal observation). This is true for all sub- 
strates examined in this biogeographical prov- 
ince, including. soils ‘eaced fait sandstone, 
gypsum, IOS ONG: and shale parent material, 
although the degree of development of the cv- 
ie terial- Foner crust may vary among sub- 
Strobes: 

Since Microcoleus is so prevalent in these 
soil systems, this study examines the influence 
of this species on the structure and function of 
soil crusts on various soil types. In par ticular, the 
possible contribution of this organisin to stabil- 
ity of arid land soils is examined. 
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MATERFALS AND METHODS 


Cyanobacterial soil crists were collected 
from three different substrate types on the 
Colorado Plateau in early fall. Crusts from sand- 
stone- and gvpsum-derived soils were collected 
from Arches National Park in southeasterm Utah 
near Moab. Cnusts from limestone-derived soils 
were collected from Brvce Canyon National 
Park in southwestern Utah near Panguitch. All 
crusts were transported to the lab. where thev 
were prepared for observation using scanning 
electron microscopy (SEM!. Two types of 
preparation were used: samples were either ci- 
rectly gold-coated and examined with a JEOL 
S40A scanning electron microscope or were 
prepared by freeze-substitution | Ichikawa et al. 
19S9), gold- coated, and then examined with 
SEM. 

The presence of chlorophyll a was used to 
estimate the depth and distribution of living 
cvanobacteria and green algae in the crusts 
found on the sandy and gvpsiferous soils from 
Arches National Park. Two-centimeter- deep 
cores of the crust were cut in 2-mm segments. 
beginning at the soil surface. Chlorophyll a Was 
extracted from s samples with dimethyl sulfoxide 
(DMSO). The DMSO extraction samples were 
centrifuged and spectrally analyzed on a diode 
array spectrophotometer \Belnap 1990b: at 665 
nm to obtain relative values for the amount of 
chlorophyll a present. 


RESULEPS-AN I DISCUSSION 


Microcoleus vaginatus and M. vaginuatus- 
dominated crusts from sandstone-derived soils 
are shown in Figures 1-13. A large and distinct 
poly saccharide sheath Sapunde groups of liv- 
ing filaments of M. caginatus (Fig. 1). Close 
examination shows cellular divisions in the cV- 
anobacterial filaments (Fig. 2). When wet, the 
polysaccharide sheaths swell and the filaments 
Within are mechanically extruded from the 
sheath and through or across the soil surface. As 
the surface dries. the filaments retract some- 
what into the sheath. Exposed portions of the 
filaments then secrete additional polvsacchia- 
ride material (Fig. 3). When dry. the evanobac- 





Figs. 7-9. facing page’. 
varrow indicates two discrete lavers of pol saccharides hi uw 
note single sheath holding a sand grain aloft bar = 10Qam 

are wound around and among the sand grains bar = 100um 
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Microcoleus vazinatuy in sandy soi 


terial filaments are comple ttely encased in the 
polysaccharide sheaths | Fig. 4.. The interior of 
the sheath of Mo vavinatus ni W Contain from 
ones Fig. 5) to many cavities Fig. 6°. The sheath 
itsclfean be fonned dy more than one secretion 
event [Pig. 7 . 

The strength of this sheath material can be 
seen in Figure S. where a single strand of sheath 
material holds a sand grain aloft above the sup- 
porting surface. The binding effect of these 
evanobacterial sheaths on sandy soil siurfaces is 
ilhistrated in Figure 9. Sheaths of Mo caginatns 
wind among the sand particles. comecting indi- 
vidual grains, much like fibers in fiberglass. Al- 
though the sheath material is dn. it can be seen 
still firmh adhering to the soil particles. Secure 
and extensive connections to the sand grains by 
the sheath material are shown in Figures 10 and 
1]. Multiple sheaths can often be seen attached 
to the same sand grain. as shown in Fignre 10. 
In Figure 11 the intimate association between 
sand grain and polysaccharide material can be 
seen. 

When wet. the polysaccharide sheath mate- 
rial swells and covers the soil surface even more 
extensively than when din. Sheath material can 
absorb up to eight times its weight in water 
almost instantaneously: this. it absorbs precipi- 
tation quickh and increases the water-holding 

capacity of s andy soils Brock 1975. Cameron 
and Blank 1966. Campbell 1979. 1989 . Sheaths 
and filaments become swollen and round. form- 
ing anet over the surtace of the sand Fig 12. 
Even when swollen. however. there is still space 
for rainwater and vascular plant roots to penc- 
trate into the soil between sheaths. 

The presence of cvanobacterial soil crusts 
has been demonstrated to increase the av ailabil- 
ity of many nutrients in sands soils. Levels of N. 
P K. Fe. Ca. and Mg were higher in the annual 
grass Festuca octoflora growing on crusted soils 
than in plants growing on comparable non- 
crusted soils Belnap and Harper nnpublished:. 
Essential nutrient concentrations were also 
shown to be higher in the tissue of the biennial 
plant Lepidium: montana growing on sols cor - 
ered bv evanobacterial-rich crusts) than on 
paired plots where the surface 1.0 em of crust 
had been stripped from around the plants three 


To sheaths nay be created by nyore than one secretion event 
~Ipmi S she ath maternal possesses at areal deal ol stren sth 


-Y sheath material binds sand grams together note the sheaths 
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Figs. 16-17. Microcoleus vaginatus in gvpsiferous soils: 16, sheaths in gypsiferons soils can be made of both organic and 
inorganic material (bar = 10pm); 17, sheaths in gypsiferous soils are often coated with gypsin crystals note the gypsum 


crystals on the sheath surface [bar = 5am]). 


months prior to tissne nutrient analyses ( Ear per 


and Marble unpublished). One possible mecha 
nism by which the evanobacteria alters mineral 
ay’ ailability mn supporting soils is suggested in 
Figure 13: clay particles can be seen Homi to, 
ead incorpor ‘ated into, the polysaccharide 
sheath = material. Consequently, positively 
charged macrountrients bound to these nega- 
tiv aly charged clay particles and to the nega- 
tiv ely charged sheath material would be he ie in 
the upper Pail horizons and in a form readily 
available to vascular plants, instead of heing 
leached away by percolation water or bound in 
al chemically nnavailable form. 


Chlorophivll a distribution in the soil shows 
that cvanohacterial cells are probably concen- 
trate din the top 4 mm of s: andy soils, but some 
chlorophylla is found as deep as Tom. Measure- 
ments of the bumpy surface topogr phy of un- 
disturbed crusts show that few bmimps are 
creater than S mm across. Analvsis shows that 
evanobacterial filaments ramify throughout 
such surface irregularities. The 
cvanobacteri: al filaments per unit soil surface 
coverage is thus increased greatly in areas where 
microtopographn of the soil surface is ve nN com 
plex. 


volume of 


Figs. 10-15 (facing page). Microcoleus vaginatus: 10, 11. sheaths adhere lirmly to sand grain strtaces hotee 
connection between the she fae and grain Git ies [bars - 1Owin]!: 12. when wet. she aN nT "i lila ments swell th 
soil surface (note the mass of entangled sheaths covering the s: on grains [bars © 1OOpin : 15. rhicles) 
be incorporated into sheath mate rial (bar = - }Ouim): To in aD -textured Colecuelitis as ; restore ved sul isn he " 

GUS IS THUCH Smoother 


small particles adhere to the sheath inate ri: t bar = 1Qpm): 


5. sheath surface texture 


wi finme-textureels 


than that in coarse- grained soils (note sinooth material at a base of the sheath. which appears similar to the surrounding 


inorganic material ae = ]0um)). 
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tsare brittle wherdn and casily ¢ rushed 
Campbell Palen ener and Marble 19S. 
Kien r 1982. Visttal examination of nndis- 
bard ‘ soil rusts on sandy soils of the Colorado 
Plateat shows evanobacterial sheath material 


rcourmmsas deep as LO cm below the surlace of 


the soul. Heavily trampled areas support only a 
thin veneer of evanobacterial sheaths | Be ln: ay 
nnpublished data’. Since no chlorophyll a is 
found below TD cm. sheath materia below that 
depth maist represent remauants of cvanobacte- 
rial crusts once found near or at the soil surface 
and later biried by sediments. Though no 
longer associated with living filaments. sneh 
Sheath material is still caps ane of binding soil 
particles together and. still increases nutrient 
and moisture retention of associated soil. Llow- 
ever any damage to such abandoned sheath 
raterial is non- -repairable, since living cvano- 
bacteria are apparently no longer pre sent at 
these depths to regenerate filament and sheath 
materials. Ws a consequence, trampling may not 
only reduce soil stability, but soil fertility and soil 
moisture retention as well. 

Ih finertextured soils the sheaths of ML. ragi- 
ndfus assmine a dillerent appearance. fn sich 
soils fine particles adhere to the outside of most 
sheaths. as ca be seen in sheaths froma lime- 
Also. the sheath 
surface appears niich smoother in these lime- 


stone-derived. soil « Fig. 


stonce-derived soils Fig. 15° and is much harder 
tothe touch. Hoaiay be that water-soluble matter 


in these soils goes into solution when the soil is 
Hhoroughh wetted by rain. Such periods would 
tho coimeide with thie time ol mianimin activity 
fer the Cvanobacteria Under such conditions. 

crelvon of poly saccharide material could be 
hed tov wath the soil particles and ima- 
dning. form 
Heater part organic and part inorganic. 
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to mix with solubilized soil materials mav render 
sheaths less vulnerable to physical breakage. 

ln combination these SEM micrographs 
demonstrate) that cvanobacterial soil crusts 
strongly alter the microstructure of soils in cold- 
decen ecosystems. The intenvoven filaments of 
M. cvaginatus and other filamentons cyanobac- 
teria nnclOn te dly enhance soil surface stability 
in such environments. When undisturbed for 
long periods. cyanobacterial sheaths may be 
found at de spths as ereat as 10 cm below the 
surface of sandy soil. nai as aeolian and water 
borne materials are trapped i in the polysaccha- 
ride sheaths of Mo caginatus and other 
cvanobacteria growing on ae surface of desert 
soils, these chanel are gradually buried, but 
their ameliorating Tene on water-holding 
Capacity, cation exchange capacity, and soil sta- 
bility may extend far below the de »pth to which 
light can penetr ite. 


ACKNOWLEDGMENTS 


This study was frnded by a grant from the 
U.S. Amy Cor ps of Engineers to the Inter- 
mountain Research Station, United States For- 
est Service, and by the National Park Service, 
WASO-Air Qui ality Division. We offer special 
thanks to fen Beln: ap. Kimball Harper, Bob 
Greenberg. Bill Hess, and the Electron Optics 
Lab, Brigham Young University. 


LITERATURE CITED 


AWANT AND YS AND DON ALR ATHE T97-b Soil aggregat- 
ing cflects of some algac occurring in the soils of Kutch 
and Rajasthan. Journal of the Cniversity of Bombay 41: 
99-100 

WWDERSON DL C.OR. TT OTARPER AND R. UT. HOLAIGREN 
1952. Factors infhencing development of cryptogamic 
soil crusts in Utah deserts. Journal of Range Manage- 
ment 35: TSO. TS5. 

WE RSON DOCLOK. TO HARPER AND S. R. RUSHFORTH 
I9S2. Recovery ol cryptogamic crusts from grazing on 
Utah winter ranges. Journal of Range Management 35: 
39.6399. 

WDERSON DO CoAND SOR. RUstiFortiL 1976. The eryp- 
togamic flora of desert soil crusts in southern Utah. 
Nova Hedwigia 28; 69] 729. 

Brinat p. 1990a. Microbiotic crusts: their role in past and 
nes sent ecosystems, Park Science 1003): 3-4. 

990 Pe leets of air pollutants on cold-desert ev- 
ve, icterial lichen soil crusts and rock lichens: chlo- 
roplivll degradation, — ele ctrohte — Jeakage and 
Witroge nase activity. Pages 66] 665 in ROK. M, Javanty 

nd BOW Gay Jr. eds... Measurement of toxic and 
chided air pollui: mits. Procecdings, 1990) EPA- 
er MEV International Syvinposinm, Raleigh, North 
( irolnae Nba 1990. 


1993] ROLE OF JACROCOLECS IN DD ESHitieSOT pss ly 


Brock. T. PD. 1975. Effect of water potential on a Micro- 
coleus from a desert crust. Journal of Pliycology 11: 
316-320. 

BROTH RSO, J. Dg ayp S. BR. Rusmrorriu 1983. Inthi- 


ence of cryptogamic crusts on moisture rclationships of 


soils in Navajo National Monument. Arizona. Great 
Basin Naturalist 43: 73-75. 

CAMPBELL S. EB. 1979. Soil stabilization by a prokaryotic 
desert crust: implications for Precambrian land biota. 
Origins of Lile 9: 335-345. 

CBxIPBEL!. S. iy. |. SFELKR AND S. Gorusic TS89, De- 
sert crust formation and soil stabilization. Pages 1-2-1 
in J. Skujins. ed.. Soil microbiology and organic matter 
in desert rehabilitation. Arid Soil Research and Reha 
bilitation, special issue. 


FLETCHER J. EJ AND WLP NIVRTIN 1948. Some effects of 


algae and molds in the rain-crust of desert soils. Kcol- 
ogy 29: 95-100. 

HARPER RK. Townb J. Ro Marser P9SS. \ role for nonvas- 
cular plants in management of arid and semiarid range- 


lands. Pages 135 16920 PT fueller cod Vea all, 
science apphoations for rangeland analysis an bie, 
agement: Kliwer \eadenne Publishers Boston 

LOUK AWA NOME TOR ER AWA WNDOK Sasaki T9S9 bree: 
substitution for thin section study al bioloaieal spook 
mens Journal of | Vlectrom Vere se Opn S 
supplement . SETS) 122 

AIEINER EOP SAND KOT. Hidtrn 1972 | nvanonfhdntal 
and conmmumty organization i arasslands of Conv on 
lands National Park. Ecolouy 33° 229. 309 

OTT. Soil properties a relabtow to Cry ptow unt 
ground cover in Canyonlands National Park Journal of 
Range Management 300202 205 . 

Looper WoL .ND GF Citron 1972. nlnence of asorl 
microfloral crust: on select Properties ol soils under 
pinvon-pmiper iw southeastern Utah Journal of Sor] 
and Water Consenation 27: 164 167 

SHUFIDS TOM OWWb. AW Dt niin 196f Algae an rela 
tion to soil fertility. Botameal Review 30,93 128 


